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Abstract: Teeth and cranial characters denoting the age of 121 male California

sea lion skulls (76 from the Pacific coasts of California and Baja California and 45

from the Gulf of California) were studied. Ages ranged from 1 to about IS years.

Great individual variations in cranial characters were found, but no significant

differences between the two populations were revealed. The relation between age

and suture closure was fairly constant until about age IS when all 9 sutures studied

are completely closed. In length and width, skull growth continues until about age

10 years. Sagittal crest growth commences in the 5th year and ceases in about the

10th year.

Introduction

The California sea lion {Zalophus calijornianus calif ornianus) in the eastern

North Pacific breeds on suitable offshore islands from San Miguel, the northern-

most of the California Channel Island group, south along the west coast of Baja

California to the San Benitos Islands, and on certain islands in the Gulf of Cali-

fornia and along the mainland of Mexico, south possibly to Mazatlan.

Between 1964 and 1968, in the months of April, June, August, and Novem-

ber, Orr made six trips to islands in the Gulf to secure data on the sea lion pop-
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Table 1. Localities, from north to south, in the Gulf of California at which Zalophus

californianus was observed by the authors between 1960 and 196S.

Locality^
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Figure 1. A section of canine tooth of a Zalophiis calif ornianus male showing annual

growth lines. University of Cahfornia photograph by Alan Donaldson. Courtesy of Richard

S. Peterson.
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Figure 2. Statistical analysis of the condylobasal length in adult male skulls (suture

index 25-36) of Zalophus c. calijornianus from the Pacific coast and Gulf of California.

Horizontal lines represent observed range, open rectangles the standard deviation, and the

solid black is twice the standard error of the mean. For further comparison the range and

mean of a small sample of Zalophus c. wollebaeki is shown. The number of specimens used

is given in parentheses.

Materials and Methods

Specimens examined. A total of 121 skulls of males (76 from the Pacific

coast of California and Baja California and 45 from the Gulf of California,

Mexico) w^ere studied:* California: Marin County: Point Reyes Peninsula, 1

(CAS); San Francisco County: San Francisco, 2 (RB); San Mateo County:

Pacifica, 1 (RB); Aiio Nuevo Island and Aiio Nuevo Point, 42 (RB, 31; CAS,

11); Santa Cruz County: Waddell Beach, 7 (RB); Santa Barbara County:

Santa Cruz Island, 15 (CAS, 14; CAS-SU, 1); Mexico: Baja California: Isla

San Martin, 2 (LACM); vicinity of Bahia de Sebastian Viscaino, 4 (LACM,

2; SDNHM,2); Bahia Tortugas, 2 (SDNHM); Puertecitos, 1 (LACM); Isla

Coloradito, 17 (KWK); Isla Granite, 3 (SDNHM); Isla Angel de la Guarda,

5 (CAS, 1, SDNHM, 4); Bahia de los Angeles, 2 (CAS); Isla Carmen, 1

(CAS); Isla Santa Cruz, 1 (SDNHM); Isla San Diego, 1 (SDNHM); Isla

San Jose, 1 (CAS); Isla Espiritu Santo, 1 (CAS); Isla Cerralvo, 1 (CAS);

Rancho Chenque, 1 (SDNHM); Sonora: Isla San Jorge, 3 (LACM); Isla San

Esteban, 2 (CAS); Isla San Pedro Martir, 5 (CAS, 4; SDNHM, 1). Most of

the skulls were from animals that had recently died. A few were weathered

skulls which were found on beaches.

* Abbreviations used: CAS—California Academy of Sciences collection: RB—Raymond Bandar private

collection; CAS-SU—Stanford University collection, now incorporated in CAS collection: LACM—Los An-

geles County Museum collection: SDNHM—San Diego Natural History Museum collection; KWK—Karl

W. Kenyon collection, now incorporated in CAS collection.
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Figure 3. Statistical analysis of the skull from p;nathion to posterior end of nasals of

adult males from Pacific coast and Gulf of California populations of Zalophus c. califor-

nianus. The range and mean of a small sample of Zalophus c. wollebaeki are shown for

further comparison.

130
—I

—

140

—1

—

150

—

—

160 170 mm

(44)

Pacific Coast

Gulf of California

(26)

*
*

(6)
Galapagos Ids.

Figure 4. Statistical analysis of zygomatic breadth of skull of adult males from Pacific

coast and Gulf of California populations of Zalophus c. calijornianus. The range and mean

of a small sample of Zalophus c. ivollcbaeki are shown for further comparison.
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Figure 5. Condylobasal length of 31 skulls of Zalophus c. calif ornianus males, selected

to show a wide range in age, and plotted against approximate known age determined by

number of annual tooth rings.

Aging technique. Scheffer (1950) demonstrated that annual growth layers

could be counted in the teeth of fur seals {Callorhinus nr sinus). The teeth of

sea lions exhibit similar growth layers (fig. 1 ). For the present study we selected

35 skulls, representing a broad spectrum of ages. A single upper canine was re-

moved from each, and sectioned and polished to reveal the growth layers. Ages,

based upon tooth ring counts, are accurate only to within a year or two. The

age groups represented are shown in table 2.

Suture index. All specimens were suture indexed according to the method
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Figure 6. Zygomatic breadth of 3.1 skulls of Zalophus c. calif ornianus males, selected

to show a wide range in age, and plotted against approximate known age determined by

number of annual growth rings.

used by Sivertsen (1954), which is a modification of that first suggested by

Doutt (1942). Nine sutures were used. These are as follows: I, occipito-

parietal; II, squamoso-parietal; III, interparietal; IV, interfrontal; V, coronal;

VI, basioccipito-basisphenoid; VII, maxillary; VIII, basisphenoid-presphenoid;

IX, premaxillary-maxillary. A value of 1 to 4 is given on the basis of degree of

closure: 1, open; 2, less than half closed; 3, more than half closed; and 4, com-

pletely closed. An immature skull, therefore, could not have an index of less

than 9 and a mature skull of more than 36,
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Figure 7. Mastoid breadth of 3i skulls of Zalophiis c. calif ornianus males, selected to

show a wide range in age, and plotted against approximate known age determined by number

of annual growth rings.

Measurements. Ten cranial measurements were taken, as shown in table

3. These were submitted to statistical analysis. Studies of individual variation

and variations between populations were made.

Discussion and Conclusions

Geographical variation. Analysis of the 10 cranial measurements showed

great individual variability, but there were no significant statistical differences

in these characters between the California sea lion population of the Gulf and
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Figure 9. Height of sagittal crest on skull of 34 specimens of Zalophus c. californianus

males, selected to show a wide range in age, and plotted against approximate known age de-

termined by number of annual growth rings.

that of the Pacific coast. Three measurements (condylobasal length, gnathion

to posterior end of nasals, and zygomatic breadth) which were among those with

the lowest coefficient of variability are shown in figures 2, 3, and 4. By way

of comparison, the range and mean for these same measurements in six adult

skulls of Zalophus c. wollebaeki from the Galapagos Islands are included.

Skull growth and suture closure. The indicated ages of 35 animals were

plotted against four measurements: condylobasal length, zygomatic breadth,

mastoid breadth, and height of sagittal crest. These measurements indicate
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Figure 11. Suture index of 35 skulls of Zalophus c. calijornianus males, selected to show

a wide range in age, and plotted against approximate known age determined by number of

annual growth rings.

ratory, Bureau of Commercial Fisheries, Seattle, Washington, sectioned teeth and

assisted in obtaining readings of age. For making possible field studies related

to this work, we wish to thank the following individuals or organizations: Bechtel

Corporation, Belvedere Scientific Fund, Victor J. Bergeron, California Academy

of Sciences, Mr. and Mrs. Bing Crosby, Mr. and Mrs. Lawrence C. Kuebler,

Dr. Thomas C. Poulter, San Diego Natural History Museum, Stanford Research

Institute, and Mr. and Mrs. George Wetmore.
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